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of exposure and concentration of the antibiotic, may be 
critical to the successful use of aminoglycosides as selective 
agents to identify transformants (26,51,52). In addition, use 
of the aminoglycosides, kanamycin or G418, to select stable 
transformants from embryogenic maize cultures, in the 
inventors’ experience, often results in the isolation of resis- 
tant calli that do not contain the neo gene. 

One herbicide which has been suggested in resistance 
studies is the broad spectrum herbicide bialaphos. Bialaphos 
is a tripeptide antibiotic produced by Streptomyces hygro- 
scopicus and is composed of phosphinothricin (PPT), an 
analogue of L-glutamic acid, and two L-alanine residues. 
Upon removal of the L-alanine residues by intracellular 
peptidases, the PPT is released and is a potent inhibitor of 
glutamine synthetase (GS), a pivotal enzyme involved in 
ammonia assimilation and nitrogen metabolism (33). Inhi- 
bition of GS in plants by PPT causes the rapid accumulation 
of ammonia and death of the plant cells. 

The organism producing bialaphos also synthesizes an 
enzyme phosphinothricin acetyl transferase (PAT) which is 
encoded by the bar gene. The use of the herbicide resistance 
gene encoding phosphinothricin acety] transferase (PAT) is 
referred to in DE 3642 829 A wherein the gene is isolated 
from Streptomyces viridochromogenes. This enzyme acety- 
lates the free amino group of PPT preventing autotoxicity 
(45). The bar gene has been cloned (29,45) and expressed in 
transgenic tobacco, tomato and potato plants (10) and Bras- 
sica (11). In previous reports, some transgenic plants which 
expressed the resistance gene were completely resistant to 
commercial PPT and bialaphos in greenhouses. 

PCT Application No. WO 87/00141 refers to the use of a 
process for protecting plant cells and plants against the 
action of glutamine synthetase inhibitors. This application 
also refers to the use of such of a process to develop 
herbicide resistance in determined plants. The gene encod- 
ing resistance to the herbicide BASTA (Hoechst phosphi- 
nothricin) or Herbiace (Meiji Seika bialaphos) was said to be 
introduced by Agrobacterium infection into tobacco (Nic- 
otiana tabacum cv Petit Havan SR1), potato (Solanum 
tuberosum cv Benolima) and tomato (Lycopersicum escu- 
lentum) and conferred on plants resistance to application of 
herbicides. 

An exemplary embodiment of vectors capable of deliv- 
ering DNA to plant host cells is the plasmid, pDPG165. This 
plasmid is illustrated in FIG. 1A and FIG. 1C. A very 
important component of this plasmid for purposes of genetic 
transformation is the bar gene which acts as a marker for 
selection of transformed cells. 


EXAMPLE 4 


Selection of bar Transformants Using Bialaphos 

The suspension culture (designated SC82) used in the 
initial experiments (see Example 3) was derived from 
embryogenic Type-Il callus of A188xB73. Following bom- 
bardment (see Example 3), cells on filters were resuspended 
in nonselective liquid medium, cultured for 1 to 2 weeks and 
transferred to filters overlaying solid medium containing 1 
or 3 mg/l bialaphos. The degree of inhibition of tissue 
growth during selection was dependent upon the density of 
the cells on the filter and on the concentration of bialaphos 
used, At the density plated (0.5 PCV/filter), the growth of the 
cells cultured on 1 mg/l bialaphos was only partially inhib- 
ited (~30-50% of nonselected growth) and after 3 to 4 weeks 
much of this tissue was transferred as discrete clumps (~5 
mm in diameter) to identical medium. On medium contain- 
ing 3 mg/l bialaphos, the growth of cells on the original 
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selection filter was severely inhibited (~10% of nonselected 
growth) and selection was carried out without removing the 
tissue from the original filter. 

Using either selection protocol (1 or 3 mg/l bialaphos), 
resistant cell colonies emerged on the selection plates of 
SC82 bombarded with pDPG165 approximately 6 to 7 
weeks after bombardment (FIG. 2A). Bialaphos-resistant 
calli were maintained and expanded on selection medium. 
Much of this tissue was embryogenic (FIG. 2B). No colony 
growth occurred on plates to which cells were added from 
suspension cultures on which no transforming attempts were 
made. These are controls which confirm the prediction that 
cells without the bar gene are not resistant to bialaphos. 

Colonies on solid supports are visible groups of cells 
formed by growth and division of cells plated on such 
support. Colonies can be seen in FIG. 2A on a petri dish. In 
this figure, the cells capable of growth are those that are 
resistant to the presence of the herbicide bialaphos, said 
resistance resulting from integration and expression of the 
bar gene. Exposure of cells was to 1 mg/l bialaphos. FIG. 2B 
is a magnification showing the morphology of one biala- 
phos-resistant culture maintained on selection media indi- 
cating that growth is embryogenic. 

As a confirmation that the cells forming the colonies 
shown in FIG. 2 had indeed incorporated the bar gene and 
were expressing it, bialaphos-resistant callus lines were 
analyzed for activity of the bar gene product, phosphino- 
thricin acetyl transferase (PAT), by thin-layer chromatogra- 
phy. Protein extracts from eleven callus lines (1-11) iso- 
lated from SC82 bombardment experiments contained PAT 
activity as shown in FIG. 3 and activity levels varied 
approximately 10-fold among the isolates. 

Still further and more direct confirmation of the presence 
of the bar gene was obtained by analysis of the genomic 
DNA of potential transformants by DNA gel blots (FIG. 4). 
The sources of DNA which were electrophoresed through 
the gel were the bialaphos-resistant callus lines designated 
EJ-El1 and a non-selected control, EO. (FIG. 18 indicates 
the cleavage sites of those enzymes within the bar gene 
plasmid.) After the DNA was electrophoresed through the 
gel and transferred to nylon membranes, the resulting blot 
was hybridized with a >*P-labeled bar gene sequence from 
the plasmid pDPG165. The radioactivity used per blot was 
approximately 25x10° Cerenkov cpm. The lane in FIG. 4 
designated “1” and “5” copies contain 1.9 and 9.5 pg 
respectively of the 1.9 kb bar expression unit released from 
the plasmid pDPG165 by application of the EcoRI and 
HindIII enzymes; these amounts represent about 1 and 5 
copies per diploid genome. 

Genomic DNA from all eleven bialaphos-resistant iso- 
lates contained bar-hybridizing sequences as shown in FIG. 
4. The hybridization in all isolates to a fragment migrating 
slightly larger than 2 kb may be due to contaminating 
pUC19 sequences contained in this bar probe preparation; 
no such hybridization occurred in subsequent experiments 
using the same genomic DNA and a different preparation of 
the bar probe. Hybridization to a 1.9 kb fragment in eight of 
the eleven isolates indicated that these isolates contained 
intact copies of the 1.9 kb bar expression unit. The estimated 
copy numbers of the intact unit ranged from one or two (El, 
E7, E8, E10, Eli) to approximately 20 (E3, E4, E6). 
Hybridization with the bar probe in isolates E2 and E5 
occurred only to a single, higher molecular weight fragment 
(~3 kb). 

To establish that the PAT coding sequence was intact in 
isolates E2 and E5, genomic DNA was digested with Smal, 
which releases a 559 bp fragment containing the PAT 
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structural gene (FIG. 1A), and subjected to DNA gel blot 
analysis using °*P-labeled bar. This analysis confirmed the 
presence of a single intact copy of bar. Expression of PAT in 
these isolates may not be dependent on the 35S promoter or 
the Tr7 3' end. The hybridization patterns of some of the 
isolates were identical (E2 and E5; E7 and E8; E3, E4, and 
6); therefore, it is probable that some isolates did not arise 
from independent transformation events but represent trans- 
formants that were separated during selection. 

Seven hybridization patterns were unique, likely repre- 
senting seven independent single-cell transformation events. 
The patterns and intensities of hybridization for the seven 
transformants were unchanged during four months in cul- 
ture, providing evidence for the stability of the integrated 
sequences. The seven independent transformants were 
derived from two separate bombardment experiments. Four 
independent transformants representing isolates E2/E5, 
£3/E4/E6, El and E7/E8, were recovered from a total of four 
original filters from bombardment experiment #1 and the 
three additional independent transformants, E9, E10, and 
B11, were selected from tissue originating from six bom- 
barded filters in experiment #2. These data are summarized 
in Table 2. 
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the last column to the right contains the equivalent of two 
copies of the bar gene expression unit per diploid genome. 
For the DNA load used, two copies the bar expression unit 
per diploid genome is 5.7 pg of the 1.9 kb EcoRI/Hind 
fragment from the plasmid pDPG165. The DNA separated 
on the gel blot was hybridized to a 32p_jabeled bar probe. 
The label activity in the hybridization was approximately 
10x10° Cerenkov cpm. In A, the presence of an intact bar 
expression unit is inferred from the hybridization of the bar 
probe to a 1.9 kb band in the gel. 


EXAMPLE 6 


Assays for Integration and Expression of GUS 

§C716 transformants discussed in Example 5, were fur- 
ther analyzed for integration and expression of the gene 
encoding GUS. As determined by histochemical assay, four 
of the SC716 transformants (R5, R7, R16, and R21) had 
detectable GUS activity 3 months post-bombardment. 
Expression patterns observed in the four coexpressing callus 
lines varied. The number of cells with GUS activity within 
any given transformant sampled ranged from ~5% to ~90% 
and, in addition, the level of GUS activity within those cells 


TABLE 2 
cc eneeeeeeenenentieneectnneanieiienmeneeeetataetanNtCt TAA RCA CNC TTC ECC ELT 
Summary of Maize Transformation Experiments 
# of # with 
Independent Intact 
# of bar bar # with GUS #with Cointegration © Coexpression 
Exp. Culture Filters Transformants § Expression Coding Gus Frequency ’ Frequency 
# = = Bombarded = Bombarded Recovered Units Sequence Activity (%) (%) 
ceececnneeiienaneenenannnaneanmmemmeeetet niente ttTt NIN LtLLNRL ECLECTIC CCC 
1 SCg2 4 4 3 na. 
2 = SC82 6 3 2 na. 
3. $co4 10 8 6 na. 
4 sc716* 8 13 8 1 3 85 23 
5. SC716* 8 7 4 6 1 86 14 
6 SCg2* 4 19 17 13 3 68 16 
Totals 40 54 40 30 7 77039) 18(7/39) 


*culture reinitiated from cryopreserved cells 


na. not applicable; only pDPG165 DNA used or cotransformation analysis not donc 


Studies with other embryogenic suspension cultures pro- 
duced similar results. Using either an SC82 culture that was 
reinitiated from cryopreserved cells (experiment #6) or an 
A188xB84 (SC94) suspension culture (experiment #3), 
numerous independent transformants were recovered (19 
and 18 respectively; Table 2). All transformants contained 
the bar gene and expressed PAT. The copy number of 
bar-hybridizing sequences and levels of PAT expression 
were comparable to the studies described above. 


EXAMPLE 5 


Integration of the Bar Gene into Cell Lines Derived from the 
8C716 Suspension Culture 

Bombardment studies and subsequent analyses were also 
performed on the A188xB73 suspension culture, termed 
SC716 (see Example 1). The resultant transformed plant 
cells were analyzed for integration of bar genes. To carry out 
this analysis, genomic DNA was obtained from RI-R21 
isolates; 6 pg of DNA was digested with the restriction 
endonucleases EcoRI and HindIII, and DNA gel blot analy- 
sis was performed using the bar gene as probe. In FIG. 9A 
and FIG. 9B, molecular weights in kb are shown to the right 
and left. The untransformed control is designated “RO,” and 
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varied. The cointegration frequency was determined by 
washing the genomic blot hybridized with bar (FIG. 9A) and 
probing with >*P-labeled GUS sequence as shown in FIG. 
9B. EcoRI and HindIII, which excise the bar expression unit 
from pDPG165, also release from pDPG208 a 2.1 kb 
fragment containing the GUS coding sequence and the nos 
3' end (FIG. 1B). 

Seventeen of the independent bar transformants contained 
sequences that hybridized to the GUS probe; three, R2, R14 
and R19 did not. Transformants in which GUS activity was 
detected (R5, R7, R16 and R21) had intact copies of the 2.1 
kb EcoRI/HindIlI fragment containing the GUS structural 
gene (FIG, 9B). Transformants that contained large numbers 
of fragments that hybridized to bar (R1, R5, R21) also 
contained comparable number of fragments that hybridized 
to the gene encoding GUS (FIGS. 9A and FIG. B). This 
observation is consistent -with those reported using indepen- 
dent plasmids in PEG-mediated transformation of A188x 
BMS protoplasts (Lyznik, et al., 1989) and in studies con- 
ducted by the inventors involving bombardment-mediated 
transformation of BMS suspension cells. 

H. Co-Transformation 

Co-transformation may be achieved using a vector con- 
taining the marker and another gene or genes of interest. 
Alternatively, different vectors, e.g., plasmids, may contain 
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the different genes of interest, and the plasmids may be 
concurrently delivered to the recipient cells. Using this 
method, the assumption is made that a certain percentage of 
cells in which the marker has been introduced, have also 
received the other gene(s) of interest. As can be seen in the 
following examples, not all cells selected by means of the 
marker, will express the other genes of interest which had 
been presented to the cells concurrently. For instance, in 
Example 7, successful cotransformation occurred in 17/20 
independent transformants (see Table 2), coexpression 
occurred in 4/20. In some transformants, there was variable 
expression among transformed cells, 


EXAMPLE 7 


Co-Integration and Co-Expression of the Bar Gene and the 
GUS Gene to Cell Lines Derived from the 8C82 Suspension 
Culture 

Of the bialaphos-resistant isolates selected from a reini- 
tiation of cryopreserved SC82 cells transformed with sepa- 
rate plasmids (as described for SC716), nineteen indepen- 
dent transformants were selected in this experiment 
(experiment #6, Table 2). The frequency of cointegration 
and coexpression in those isolates was similar to that 
described for SC716 isolates (Table 2). The pattern of GUS 
staining in these transformants varied in a manner similar to 
that described for coexpressing SC716 transformants. A 
transformant, Y13, which contained intact GUS coding 
sequence, exhibited varying levels of GUS activity as shown 
in FIG. 8. This type of expression pattem has been described 
previously in cotransformed BMS cells (Klein, et al., 1989). 
Variable activity detected in the cells from a single trans- 
formant may be attributed to unequal penetration of the GUS 
substrate, or differential expression, methylation, or the 
absence of the gene in some cells. . 

These results show that both the bar gene and the GUS 
gene are present in some of the cells bombarded with the two 
plasmids containing these genes. Co-transformation has 
occurred. In the cotransformation examples described herein 
and summarized in Table 2, cotransformation frequency of 
the non-selected gene was 77%; coexpression frequency was 
18%. 
I. Regeneration of Plants From Transformed Cells 

For use in agriculture, transformation of cells in vitro is 
only one step toward commercial utilization of these new 
methods. Plants must be regenerated from the transformed 
cells, and the regenerated plants must be developed into full 
plants capable of growing crops in open fields. For this 
purpose, fertile com plants are required. The invention 
disclosed herein is the first.successful production of fertile 
maize plants (e.g., see FIG, 1A) from transformed cells. 
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During suspension culture development, small cell aggre- 
gates (10-100 cells) are formed, apparently from larger cell 
clusters, giving the culture a dispersed appearance. Upon 
plating these cells to solid media, somatic embryo develop- 
ment can be induced, and these embryos can be matured, 
germinated and grown into fertile seed-bearing plants. The 
characteristics of embryogenicity, regenerability, and plant 
fertility are gradually lost as a function of time in suspension 
culture. Cryopreservation of suspension cells arrests devel- 
opment of the culture and prevents loss of these character- 
istics during the cryopreservation period. 

One efficient regeneration system involves transfer of 
embryogenic callus to MS (Murashige and Skoog, 1962) 
medium containing 0.25 mg/l 2,4-dichlorophenoxyacetic 
acid and 10.0 mg/l 6-benzyl-aminopurine. Tissue was main- 
tained on this medium for approximately 2 weeks and 
subsequently transferred to MS medium without hormones 
(Shillito, et al., 1989). Shoots that developed after 2-4 
weeks on hormone-free medium were transferred to MS 
medium containing 1% sucrose and solidified with 2 g/ 
Gelgro® in Plant Con® containers where rooting occurred. 

Another successful regeneration scheme involved transfer 
of embryogenic callus to N6 (Chu, et al., 1975) medium 
containing 6% sucrose and no hormones (Armstrong and 
Green, 1985) for two weeks followed by transfer to MS 
medium without hormones as described above. Regenera- 
tion was performed at 25° C. under fluorescent lights (250 
microeinsteins-m~*-s~'). After approximately 2 weeks 
developing plantlets were transferred to soil, hardened off in 
a growth chamber (85% relative humidity, 600 ppm CO,, 
250 microeinsteins-m~-s~'), and grown to maturity either in 
a growth chamber or the greenhouse. 

Regeneration of plants from transformed cells requires 
careful attention to details of tissue culture techniques. One 
of the major factors is the choice of tissue culture media. 
There are many media which will support growth of plant 
cells in suspension cultures, but some media give better 
growth than others at different stages of development. More- 
over, different cell lines respond to specific media in differ- 
ent ways. A further complication is that treatment of cells 
from callus initiation through transformation and ultimately , 
to the greenhouse as plants, requires a multivariate 
approach. A progression consisting of various media types, 
representing sequential use of different media, is needed to 
optimize the proportion of transformed plants that result 
from each cell line. Table 3 illustrates sequential application 
of combinations of tissue culture media to cells at different 
stages of development. Successful progress is ascertained by 
the total number of plants regenerated. 


TABLE 3 
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Plants to Soil From Bombardment of SC716 (Expts 1,2; Table 2). 
REGENERATION MEDIA PROGRESSIONS 


227b 227% 227b 2278 
$2 
71 
101 


ve eT ST nn ann NE gR I RRAR RRR nemeeineeanmnenenenmmnaene! 


227% 201d 
227 171 «171 
Cell Line 101 101 101 
CONTROLS _ 
AQIC-1L xX 4 X 
AOIC-01 x 7 =X 
TOTAL no Ox 
TRANSFORMED 
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227b 227 227 227b # 

163. 205 227) 20lb 205 163 227b 201b PLANTS 
WW 171 173) 173, 173173 TP A177 TO 
101 10) 101) «102 «101-102 101s 101 SOIL 
Xx x 2 x x x x x 6* 
x X 27 x xX x x x 34* 
x 29 x x 40* 
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TABLE 3-continued 
Plants to Soil From Bombardment of SC716 (Expts 1,2; Table 2). 
REGENERATION MEDIA PROGRESSIONS 

227 227% 2270 2278 227) 227 227b 227 # 

227> «=201b 52 163 205 2276 2Oib 205 163 227» 201b PLANTS 

22% I MM oI 17 oI 173) «173 «173° «1730 «17? 177 TO 

Cell Line 101 101 i01 101 101 10! 101 #10] #101 101 + 101 101 Sol 

ce nenaneeaneiainssinmaennemeecanasnmttsiatnat Rene C CCL CC CCC CR, 

AOIC-11 X X x 0 0 0 Xx xX 0 0 xX xX 0 

AOIC-12 x 2 x 0 0 0 xX xX 0 0 x x 2 

AOIC-13 x 5 1 4 0 0 1 1 ] 1 x x 14* 

AOIC-14 x 2 x 0 0 0 Xx x 1 0 Xx x 3* 

AQIC-15 xX 28 0 12 7 1 3 3 0 0 0 0 g4* 

AQIC-17 Xx 7 0 0 0 0 #17 0 0 0 0 0 24 

AOIC-18 Xx 12 0 0 x 0 21 10 0 x 2 0 45* 

AOIC-19 x 0 xX x 0 x 0 x xX 0 xX 0 0 

A01C-20 x 10 xX 0 0 x 0 x Xx 0 x 9 10* 

AOIC-21 x 0 x x x x 9 X x Xx x 0 0 

AOIC-24 2 4 0 0 0 0 6 5 0 0 0 0 17* 

AOIC-25 x 9 x x 0 0 1 x 0 0 x x 10 

AOQIC-27 x 0 x Xx x x 29 x xX Xx X x 10* 

TOTAL 2 719 1 16 7 1 vi 29 2 1 2 0 219* 
COMBINED 

CONTROLS Xx i x x x Xx 29 > 4 x x xX x 40* 

TRANSFORMED 2 79 1 16 7 1 79 29 2 1 2 0 34* 

TOTAL. 2 90 1 16 7 1 108 2 2 1 2 0 259* 


een LR TTT CTCL CCRC 


X = Regeneration not attempted by this route. 

* = More plants could have been taken to soil. 
201b = 201 with 1 mg/l bialophos. i 
227 = 227 with 1 mg/l bialophos. 


It can be seen that using the same group of media, cell 
lines will vary in their success rates (number of plants) 
(Table 3). There was also variation in overall success rate, 
line AO1-15 yielding the greatest number of plants overall. 
(It should be noted, however, that because tissue was lim- 
iting not all combinations of media were used on all lines, 
therefore, overall comparisons are limited.) 

A preferred embodiment for use on cell lines in general, 
at least initially, is the combination shown in the second 
column under the regeneration media progression (media 
227, 171, 101, 501). Media 227 is a good media for the 
selective part of the experiments, for example, to use for 
growth of callus in the presence of bialaphos. This media 
contains the hormone dicamba. NAA and 2,4-D are hor- 
mones in other media. In liquid media, these are usually 
encapsulated for controlled release (see Example 12 here- 
inbelow). 

Thus, it can be seen from Table 1 that the various media 
are modified so as to make them particularly applicable to 
the development of the transformed plant at the various 
stages of the transformation process. For example, subcul- 
ture of cells in media 171 after applying the selective agent, 
yields very small embryos. Moreover, it is believed that the 
presence of BAP in the media facilitates development of 
shoots. Myo-inositol is believed to be useful in cell wall 
synthesis, Shoot elongation and root development proceeds 
after transfer to media 101. 101 and 501 do not contain the 
hormones that are required for earlier stages of regeneration. 

Transfer of regenerating plants is preferably completed in 
an agar-solidified media adapted from a nutrient solution 
developed by Clark (1982; ref. 6), media 501. The compo- 
sition of this media facilitates the hardening of the devel- 
oping plants so that they can be transferred to the greenhouse 
for final growth as a plant. The salt concentration of this 
media is significantly different from that of the three media 
used in the earlier stages, forcing the plant to develop its own 
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metabolic pathways. These steps toward independent 
growth are required before plants can be transferred from 
tissue culture vessels (e.g. petri dishes, plant cans) to the 
greenhouse. —— 

Approximately 50% of transformed callus lines derived 
from the initial SC82 and SC716 experiments were regen-~ 
erable by the routes tested. Transgenic plants were regen- 
erated from four of seven independent $C82 transformants 
and ten of twenty independent SC716 transformants. 

Regeneration of thirteen independently, transformed cell 
lines and two control lines of SC716 was pursued. Regen- 
eration was successful from ten of thirteen transformants. 
Although a total of 458 plantlets were regenerated, due to 
time and space constraints only 219 transformed plants 
(representing approximately 48% of the total number of 
regenerants) were transferred to a soilless mix (see below). 
Approximately 185 plants survived. Twelve regeneration 
protocols were investigated and the number of plants regen- 
erated from each route has been quantified (Table 3). There 
appeared to be no: significant advantage to maturing the 
tissues on 201, 52, 163, or 205 (see Table 1 for media codes) 
prior to transfer to medium 171 or 173. The majority of the 
plants were generated by subculturing embryogenic callus 
directly from 227 to either 171 or 173, These plantlets 
developed roots without addition of exogenous auxins, and 
plantlets were then transferred to a soilless mix, as was 
necessary for many of the transformants regenerated from 
SC82. 

The soilless mix employed comprised Pro Mix, Micro- 
max, Osmocote 14-14-14 and vermiculite. Pro Mix is a 
commercial product used to increase fertility and porosity as 
well as reduce the weight of the mixture. This is the bulk 
material in the mixture. Osmocote is another commercial 
product that is a slow release fertilizer with a nitrogen- 
phosphorus-potassium ratio of 14:14:14. Micromax is 
another commercial fertilizer that contains all of the essen- 
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tial micronutrients. The ratio used to prepare the soilless mix 
was: 3 bales (3 ft each) Pro Mix; 10 gallons (vol.) ver- 
miculite; 7 pounds Osmocote; 46 ml Micromax. The soilless 
mix may be supplemented with one or two applications of 
soluble Fe to reduce interveinal chlorosis during early 
seedling and plant growth. 

Regeneration of transformed SC82 selected cell lines 
yielded 76 plants transferred to the soilless mix, and 73 
survived. The plants were regenerated from six bialaphos- 
resistant isolates, representing four of seven clonally inde- 
pendent transformants. Eighteen protocols were used suc- 
cessfully to regenerate the seventy six plants (Table 4). 
Differences in morphology between cell lines deemed some 
protocols more suitable than others for regeneration. 
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PPT to leaves of SC82 Ry and R, plants. No necrosis was 
observed on leaves of Ry plants containing either high levels 
(E2/E5), or low levels (23/E4) of PAT. Herbicide-treated 
E3/E4/E6 and contro] leaves are shown in FIG. 10A. Her- 
bicide was also applied to leaves of E2/ES progeny segre- 
gating for bar. As demonstrated in FIG. 10B, leaves of R, 
plants expressing bar exhibited no necrosis six days after 
application of the herbicide while R, plants without bar 
developed necrotic lesions. No necrosis was observed on 
transformed leaves up to 30 days post-application. 
Twenty-one R, plants, representing each of the four 
regenerable transformed SC82 callus lines, were also ana- 
lyzed for expression of the bar gene product, PAT, by 
thin-layer chromatographic techniques. Protein extracts 


TABLE 4 





EFFECTS OF PROGRESSION OF MEDIA ON THE NUMBER OF PLANTS REGENERATED (SC82)* 


227B 227B 227B 227B 2278 227B 227B 


227B 2278: 227B 227A 227A 227A 
142 173 171 205 4209) «#173 
101 101 «#101 101 101° 101 
501 S501 S501 501 501 501 


171 
173 
101 
501 


52 
173 
101 
501 


52 
173 
101 
501 


CELL 
LINE 


B3-14-4 
B3-14-9 
B3-14-7 
B3-14-6 
B3-14-3 
B3-14-2 
B3-14-1 
B3-14-5 
B3-13-5 
B3-13-2 
B3-13-1 


D4 Dd Dd od Dd dd 
to me De Dd Dd Dd Dd Dd Be Pd 
pe OS pd oe ee 
ms D4 DE DE Dd DE DE Dd DE 
D4 DE DE DE DE Dd Dd Le DE DE DE 
D494 DE Dd bd De DS DS Od DK 
D4 ua D4 DEDEDE 
De na Bd DE DE DS Dd DE dO 
ses a DE DE DE DE DE DK DE DC DM 
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2278 227B 2278 227B 2278 

201B 2278 2018 201B 201B 201B 

52 171 201B 2278 205 227B 205 1 52. 

17106173) 1781787117778 
101 101 101 101 #101 #101 101 101 101 # OF 
501 501 501 SOl S01 S01 501 501 S01 PLANTS 
2 x x 5 x 5 x x x 29 
x x x Xx 1 x 1 x x 9 
x 6 2 x xX x x x 1 9 
xX xX xX x x x x xX x 1 
x x Xx x x x x xX X 0 
x x x Xx x Xx x x x 0 
x x x x Xx x x x x 0 
x x x x x x x x x 0 
x x x x x x xX xX x 0 
x x x x x 1 x x x 22 
x _X _X xX _X _xX _X_1_X 6 
2 6 2 5 1 6 1 1 1 16 


Sn ee cc nea eEEnn IRE EE ERI ARRENRRRE RE eemeEnnne 


* = See table 1 for media codes, 


X = This media progression was either attempted and unsuccessful or not attempted. 


227A = 227 with 10M ABA. 
2278 = 227 with 1 mg/] bialaphos. 


Prior to regeneration, the callus was transferred to either 
a) an N6-based medium containing either dicamba or 2,4-D 
or b) an MS-based medium containing 2,4-D. These steps 
allowed further embryoid development prior to maturation. 
Most of the maturation media contained high BAP levels 
(5-10 mg/l) to enhance shoot development and cause pro- 
liferation. An MS-based medium with low 2,4-D (0.25 mg/l) 
and high BAP (10 mg/l), as described by Shillito, et al., 
1989, was found to be quite effective for regeneration. 

Likewise, an MS-based medium containing 1 ym NAA, 1 
pm IAA, 2 um 2-IP, and 5 mg/l BAP (modified from Congar, 
et al., 1987) also promoted plant regeneration of these 
transformants. After plantlets recovered by any of the regen- 
erative protocols had grown to five cm, they were transferred 
to a nutrient solution described by Clark, 1982, which was 
solidified with Gelgro. Plantlets which were slow to develop 
roots were treated with 3-1 droplets of 0.3% IBA at the base 
of the shoot to stimulate rooting. Plants with well developed 
root systems were transferred to a soilless mix and grown in 
controlled environmental chambers from 5-10 days, prior to 
transfer to the greenhouse. 
J. Assays for Integration of Exogenous DNA and Expression 
of DNA in Ry R, Plants 

Studies were undertaken to determine the expression of 
the transformed gene(s) in transgenic R, and R, plants. 
Functional activity of PAT was assessed by localized appli- 
cation of a commercial herbicide formulation containing 
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from the leaves of the plants were tested. PAT activity of one 
plant regenerated from each callus line is shown in FIG. 5. 
All 21 plants tested contained PAT activity, Furthermore, 
activity levels were comparable to levels in the callus lines 
from which the plants were regenerated. The nontrans- 
formed plant showed no PAT activity (no band is in the 
expected position for acetylated PPT in the autoradiograph . 
from the PAT chromatogram). A band appears in the BMS 
lane that is not in lanes containing protein extracts from the 
plant leaves. This extra band was believed to be an artifact. 
As another method of confirming that genes had been 
delivered to cells and integrated, genomic (chromosomal) 
DNA was isolated from a nontransformed plant, the four 
_regenerable callus lines and from two Ry plants derived from 
each callus line. FIG. 6 illustrates results of gel blot analysis 
of genomic DNA from the four transformed calli (C) and the 
R, plants derived from them. The transformed callus and all 
plants regenerated from transformed callus contained 
sequences that hybridized to the bar probe, indicating the 
presence of DNA sequences that were complementary to bar. 
Furthermore, in all instances, hybridization patterns 
observed in plant DNA were identical in pattem and inten- 
sity to the hybridization profiles of the corresponding callus 
DNA. 
DNA from E3/E4/E6 callus and the desired Ry plants 
contained approximately twenty-intact copies of the 1.9 kb 
bar expression unit (Caulifiower Mosaic Virus 358 pro- 
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moter-bar-Agrobacterium transcript 7 3'-end) as well as 
numerous other bar-hybridizing fragments. E11 callus and 
plant DNA contained 1-2 copies of the intact expression unit 
and 5-6 additional non-intact hybridizing fragments. E10 
callus and plants contained 1-2 copies of the intact bar 
expression unit. E2/E5 DNA contained a single fragment of 
approximately 3 kb that hybridized to the probe. To confirm 
that the hybridizing sequence observed in all plants were 
integrated into the chromosomal DNA, undigested genomic 
DNA from one plant derived from each independent trans- 
formant was analyzed by DNA gel blot hybridization. 
Hybridization to bar was observed only in high molecular 
weight DNA providing evidence for the integration of bar 
into the maize genome. 

Plants were regenerated from the coexpressing callus line, 
Y13, shown in FIG. 8. Plants regenerated from Y13 (experi- 
ment #6, Table 2) were assayed for GUS activity and 


histochemically stained leaf tissue from one plant is shown © 


in FIG. 10C, FIG. 10D, and FIG. 10E. Numerous cell types 
including epidermal, guard, mesophyll and bundle sheath 
cells stained positive for GUS activity. Staining intensity 
was greatest in the vascular bundles. Although all leaf 
samples from the regenerated plants tested (5/5) expressed 
the nonselected gene, some non-expressing leaf sectors were 
also observed. Leaf tissue extracts from three Y13 and three 
control plants were also assayed for GUS activity by fiuo- 
rometric analysis (Jefferson, 1987). Activity detected in two 
opposing leaves from each of three Y13 plants tested was at 
least 100-fold higher than that in control leaves. 


EXAMPLE 8 


General Methods for Assays 

A method to detect the presence of phosphinothricin 
acetyl transferase (PAT) activity is to use thin layer chro- 
matography. 

An example of such detection is shown in FIG. 5 wherein 
various protein extracts prepared from homogenates of 
potentially transformed cells, and from control cells that 
have neither been transformed nor exposed to bialaphos 
selection, are assayed by incubation with PPT and *4C- 
Acetyl Coenzyme A. 25 yg of protein extract were loaded 
per lane, The source in lanes E1~B11 were SC82 transfor- 
mants; B13 is a BMS (Black Mexican Sweet comm nonem- 
bryogenic) bar transformant. E0 is a nonselected, nontrans- 
formed control. 

As can be seen at the position indicated by the arrow (the 
position expected for the mobility of “*C-N-AcPPT), all 
lanes except the nontransformed control have activities with 
the appropriate mobility. Variation in activity among the 
transformants was approximately 10 fold, as demonstrated 
by the relative intensity of the bands. The results of this 
assay provide confirmation of the expression of the bar gene 
which codes for PAT. For analysis of PAT activity in plant 
tissue, 100-200 mg of leaf tissue was extracted in sintered 
glass homogenizers and assayed as described previously. 

GUS activity was assessed histochemically as described 
using 5-bromo-4-chloro-3-indolyl glucuronide (Jefferson, 
1987); tissue was scored for blue celis 18-24 h after addition 
of substrate. Fluorometric analysis was performed as 
described by Jefferson (1987) using 4-methyl umbelliferyl 
glucuronide. 

DNA gel blot analysis was performed as follows. 
Genomic DNA was isolated using a procedure modified 
from Shure, et al., 1983. Approximately 1 gm callus tissue 
was ground to a fine powder in liquid N2 using a mortar and 
pestle. Powdered tissue was mixed thoroughly with 4 ml 
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extraction buffer (7.0M urea, 0.35M NaCl, 0.05M Tris-HCl 
pH 8.0, 0.01M EDTA, 1% sarcosine). Tissue/buffer homo- 
genate was extracted with 4 ml phenol/chloroform. The 
aqueous phase was separated by centrifugation, passed 
through Miracloth, and precipitated twice using 1/10 volume 
of 4.4M ammonium acetate, pH 5.2 and an equal volume of 
isopropanol. The precipitate was washed with 70% ethanol 
and resuspended in 200-500 pl TE (0.01M Tris-HCl, 
0.001M EDTA, pH 8.0). Plant tissue may also be employed 
for the isolation of DNA using the foregoing procedure. 

Genomic DNA was digested with a 3-fold excess of 
restriction enzymes, electrophoresed through 0.8% agarose 
(FMC), and transferred (Southern, 1975) to Nytran (Schle- 
icher and Schuell) using 10x SCP (20x SCP: 2M NaCl, 
0.6M disodium phosphate, 0.02 M disodium EDTA). Filters 
were prehybridized at 65° C in 6x SCP, 10% dextran sulfate, 
2% sarcosine, and 500 pg/ml heparin (Chomet, et al., 1987) 
for 15 min. Filters were hybridized overnight at 65° C. in 6x 
SCP containing 100 pg/ml denatured salmon sperm DNA 
and 32pQ-labeled probe. The 0.6 kb Smal fragment from 
pDPG165 and the 1.8 kb BamHI/EcoRI fragment from 
pCEV5 were used in random priming reactions (Feinberg 
and Vogelstein, 1983; Boehringer-Mannheim) to generate 
labeled probes for detecting sequences encoding PAT or 
GUS, respectively. Filters were washed in 2x SCP, 1% SDS 
at 65° C. for 30 min. and visualized by autoradiography 
using Kodak XARS5 film. Prior to rehybridization with a 
second probe, the filters were boiled for 10 min. in distilled 
H,O to remove the first probe and then prehybridized as 
described above. cl EXAMPLE 9 
Herbicide Application 

The herbicide formulation used, Basta TX* contains 200 
g/l glufosinate, the ammonium salt of phosphinothricin. 
Young leaves were painted with a 2% Basta solution (v/v) 
containing 0.1% (v/v) Tween-20. The prescribed application 
rate for this formulation is 0.5-1%. 

In FIG. 10A, Basta® solution was applied to a large area 
(about 4x8 cm) in the center of leaves of a nontransformed 
A188xB73 plant (left) and a transgenic Ry E3/E4/E6 plant 
(right). In FIG. 10B, Basta was also applied to leaves of four 
R, plants; two plants without bar and two plants containing 
bar. The herbicide was applied to R, plants in 1 cm circles 
to four locations on each leaf, two on each side of the midrib. 
Photographs were taken six days after application. 

K. Fertility of Transgenic Plants 

To recover progeny the regenerated, genetically trans- 
formed maize plants (designated R,), were backcrossed with 
pollen collected from nontransformed plants derived from 
seeds, and progeny (designated R,) that contained and 
expressed bar were recovered. 

An important aspect of this invention is the production for 
the first time of fertile, genetically transformed maize plants 
(Rg) and progeny (R,). These were regenerated from 
embryogenic cells that were transformed. R, plants are those 
resultitig from backcrossing of Ro plants. 

Pollination of transgenic Rg ears with non-transformed 
B73 pollen resulted in kernel development. In addition, 
kernels developed from pistillate flowers on male inflores- 
cences that were pollinated with non-transformed B73 pol- 
len. Kernels on transformed R, plants from SC82 developed 
normally for approximately 10-14 days post-pollination but 
after this period the kernels ceased development and often 
collapsed. Most plants exhibited premature senescence al 
this time. A total of 153 kernels developed sporadically on 
numerous plants (see Table 5): 8 of 37 E2/ES plants, 2 of 22 
E10 plants, and 3 of 6 Ell plants. Viable progeny were 
recovered by embryo rescue from 1] E2/E5 plants and one 
E10 plant. 
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TABLE 5 
renee aecteneeeguaeneeaneneemntinianstenanestsasaieemermnessasmrenaitittastaanteiimaanssentnmmantrerentte 
Regenerated Plants (Ro) and progeny (R;) 
# of Inde- 
pendent bar Regenerable # of # # of R, # of # of 
Exp Culture Transformants Transformed R, Reaching Producing Kemels R, 
# Bombarded Recovered Callus Lines Plants Maturity Kernels Recovered Plants 
oo cope micannrasesnniniiieomsmniemmi sain iinet 
1,2 SC8&2 7 4 76 BB 3 153 » 40 
4,5 SC7I16- 20 10 219 @5) 9) ($1) Gi) 
3 SC94 8 2 1 (0) (0) 0) ©) 
6 SC82 19 4 a ©) ©) @) (Q) 
ne ee eenesamgmammntnnticeceeeaeeedamtneeaenastsintemmmettimemnaininieeatinnememmettitineinemmtnteNaatttt 
“Regeneration in progress. 


() Experiment still in progress, data still being collected. 


SC716 Ry plants were also backcrossed with seed-derived 
B73 plants. To date, from the 35 mature SC716 Ro plants 
nine plants (representing four independent callus lines) 
yielded 51 kemels, 31 of which produced vigorous Ry 
seedlings (Table 5). Most kernels that developed on SC716 
plants did not require embryo rescue, Kemels often devel- 
oped for 30-40 days on the plant and some were germinated 
in soil. The remaining seed was germinated on MS-based 
medium to monitor germination and transferred to soil after 
a few days. In addition to the improved kemel development 
observed on SC716 Ro plants relative to SC82 Ro plants, 
pollen dehisced from anthers of several SC716 plants and 
some of this pollen germinated in vitro (Pfahler 1967). 
Transmission of the foreign gene has occurred both through 
SC716 R, ears and using SC716 R,-derived pollen on 
non-transformed ears. 

Pollen obtained from transformed R, plants has now been 
successfully employed to pollinate B73 ears and a large 
number of seeds have been recovered (see FIG. 11C). 
Moreover, a transformed ear from an R, plant crossed with 
pollen from a non-transformed inbred plant is shown in FIG. 
11D. The fertility characteristics of the R, generation has 
been confirmed both from a standpoint of the pollen’s ability 
to fertilize non-transformed ears, and the ability of R, ears 
to be fertilized by pollen from non-transformed plants. 


EXAMPLE 10 


Analysis of Progeny (R,) of 

Transformed Ry Plants for PAT and bar 

A total of 40 progeny of E2/E5 Ry plants were analyzed 
for PAT activity, ten of which are shown in FIG. 7A. Of 36 
progeny which were assayed, 18 had PAT activity. Genomic 
DNA from the same ten progeny analyzed for PAT activity 
was analyzed by DNA gel blot hybridization for the pres- 
ence of bar as shown in FIG. 7B. The six progeny tested that 
expressed PAT contained a single copy of bar identical in 
mobility to that detected in callus and Rp plants; the four 
PAT-negative progeny tested did not contain bar-hybridizing 
sequences. In one series of assays, the presence of the bar 
gene product in 18 of 36 progeny indicates a 1:1 segregation 
of the single copy of bar found in E2/E5 R, plants and is 
consistent with inheritance of PAT expression as a single 
dominant trait. A dominant pattern of inheritance would 
indicate the presence in the plant of at least one copy of the 
gene coding for PAT. The single progeny recovered from an 
E10 Ry plant tested positive for PAT activity. 

It was determined that the methods disclosed in this 
invention resulted in transformed Ry and R, plants that 
produced functionally active PAT. This was determined by 
applying Basta (PPT) to the leaves of plants and determining 
whether necrosis (tissue destruction) resulted from this 
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application. If functionally active PAT is produced by the 
plants, the leaf tissue is protected from necrosis. No necrosis 
was observed on Ry plants expressing high levels of PAT 
(E2/E5) or on plants expressing low levels (E3/E4/E6) (FIG. 
10A). 

Herbicide was also applied to leaves of R, progeny 
segregating for bar. In these studies, no necrosis was 
observed on R, plants containing and expressing bar, how- 
ever, necrosis was observed on those R, plants lacking the 
bar gene. This is shown in FIG. 10B. 

Segregation of bar did not correlate with the variability in 
phenotypic characteristics of R, plants such as plant height 
and tassel morphology. In FIG. 9B, the plant on the right 


‘contains bar, the plant on the left does not. In addition, most 


of the R, plants were more vigorous than the Ry plants. 

Of the 23 R, seedlings recovered to date from the SC716 
transformants, ten of 16 had PAT activity. PAT activity was 
detected in four of ten progeny from Ro plants representing 
callus line R18 and six of six progeny from R, plants 
representing callus line R9. ; 
L. Embryo Rescue 

In cases where embryo rescue was required, developing 
embryos were excised from surface disinfected kernels 
10-20 days post-pollination and cultured on medium con- 
taining MS salts, 2% sucrose and 5.5 g/l Seakem agarose. 
Large embryos (>3 mm) were germinated directly on the 
medium described above. Smaller embryos were cultured 
for approximately 1 week on the above medium containing 
10°M abscisic acid and transferred to hormone-free medium 
for germination. Several embryos became bacterially con- 
taminated; these embryos were transferred to medium con- 
taining 300 pg/ml cefoxitin. Developing plants were subse- 
quently handled as described for regeneration of Ry plants. 


EXAMPLE 11 


Embryo Rescue 

Viable progeny, recovered from seven SC82 E2/E5 plants 
and one SC82 E10 plant, were sustained by embryo rescue. 
This method consisted of excising embryos from kernels 
that developed on R, plants. Embryos ranged in size from 
about 0.5 to 4 mm in length. Small embryos were cultured 
on maturation medium containing abscisic acid while larger 
embryos were cultured directly on germination medium. 
Two of the approximately forty viable progeny thus far 
recovered from SC82 Ry plants are shown in FIG, 11B. 
M. Phenotype of Transgenic Plants 

Most of the Ry plants regenerated from SC82 transfor- 
mants exhibited an A188xB73 hybrid phenotype. Plants 
were similar in height to seed derived A188 plants (3-5 feet) 
but had B73 traits such as anthocyanin accumulation in 
stalks and prop roots, and the presence of upright leaves. 
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Many plants, regardless of the callus line from which they 
were regenerated, exhibited phenotypic abnormalities 
including leaf splitting, forked leaves, multiple ears per 
node, and coarse silk. Although many of the phenotypic 
characteristics were common to all Ry plants, some charac- 
teristics were unique to plants regenerated from specific 
callus Hines. Such characteristics were exhibited regardless 
of regeneration route and the time spent in culture during 
regeneration. 

Nontransformed control plants were not regenerated from 
this culture and, therefore, cannot be compared phenotypi- 
cally. Pistillate flowers developed on tassels of one Ell 
(1/6), several E10 (3/22) and almost one-third of the E2/E5 
(12/37) plants with a range of three to approximately twenty 
ovules per tassel. Primary and secondary ears developed 
frequently on most E2/E5, E10, and E11 plants; a mature 
E2/E5 plant is shown in FIG, 11A. Anthers rarely extruded 
from the tassels of plants regenerated from SC82 transfor- 
mants and the limited number of anthers which were 
extruded did not dehisce pollen. Some phenotypic charac- 
teristics observed were unique to plants regenerated from a 
specific callus line such as the lack of ears on E3/EA/E6 
plants and a “grassy” phenotype (up to 21 lone narrow 
leaves) exhibited by all E11 plants. 

All SC82 plants senesced prematurely; leaf necrosis 
began approximately two weeks after anthesis. The Ro 
plants regenerated from SC82 transformed cell lines have 
tended to senesce prematurely; typically before the devel- 
oping kernels were mature. This has necessitated the use of 
embryo rescue to recover progeny (R, generation). Segre- 
gation of bar in the R, generation does not correlate with the 
variability in phenotypic characteristics of R, plants such as 
plant height and tassel morphology. In FIG. 11B, the plant 
on the right contains bar, the plant on the left does not. In 
addition, most of the R, plants are more vigorous than the 
Ry plants. Transformed progeny (R,) have now also begun 
to yield kernels and R, plantlets have been recovered, 

Of 219 plants regenerated from 10 independent SC716 
transformants, approximately 35 have reached maturity 
(Table 5). The SC716 plants did not exhibit the phenotypic 
differences which characterized the individual callus lines of 
SC82 . These plants were more uniform and abnormalities 
less frequent. The phenotype of these plants closely 
resembled that of control plants regenerated from a SC716 
cryopreserved culture which was not bombarded. Plant 
height ranged from three to six feet with the majority of the 
plants between five and six feet. Most mature plants pro- 
duced large, multi-branched tassels and primary and sec- 
ondary ears. Pistillate flowers also developed on tassels of 
several SC716 plants. Although anther extrusion occurred at 
approximately the same low frequency as in the SC82 
plants, a small amount of pollen dehisced from some 
extruded anthers. For most of the SC716 plants that reached 
maturity, senescence did not commence until at least 30 days 
after anthesis. The improved characteristics of SC716 plants 
over SC82 plants indicate that differences between the 
suspension cultures may be responsible. 

While the invention is susceptible to various modifica- 
tions and alternative forms, specific embodiments thereof 
have been shown by way of example in the drawings and 
herein be described in detail. It should be understood, 
however, that it is not intended to limit the invention to the 
particular forms disclosed, but on the contrary, the intention 
is to cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as defined 
by the appended claims. 
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What is claimed is: 

1. A fertile cultivated, transgenic maize plant, the genome 
of which has been augmented through the genomic intro- 
duction of a preselected genetic component, said component 
comprising an exogenous gene positioned under the control 
of one or more preselected genetic control elements, the 
plant prepared by a process comprising: 

(a) preparing a DNA composition in vitro, which com- 
position includes the genetic component one desires to 
introduce into the genome of a maize plant, wherein the 
genetic component includes a selectable or screenable 
marker gene that comprises a bar gene or a B-lactamase 
gene; 

(b) contacting recipient maize cells with said DNA com- 
position using microprojectile bombardment; 

(c) regenerating maize plants from recipient cells which 
have received the genetic component; and 

(d) identifying a fertile, transgenic maize plant whose 
genome has been augmented relative to that of the 
corresponding nontransgenic recipient cells through the 
stable introduction of said genetic component. 

2. A fertile, transgenic maize plant, the genetic comple- 
ment of which has been altered through the addition of a 
preselected functional genetic element selected from the 
group consisting of a bar gene; and a f-lactamase gene, 
wherein said functional genetic element confers on the 
maize plant a phenotypic trait that is not found in the 
parentage of said plant. 

3. The transgenic plant of claim 1, wherein the exogenous 
gene comprises a bar gene. 

4, The transgenic plant of claim 1, wherein the exogenous 
gene comprises a B-lactamase gene. 

5. The transgenic plant of claim 2, wherein the genetic 
element comprises a bar gene. 

6. The transgenic plant of claim 5, wherein the genetic 
element comprises the bar gene of Streptomyces hygroscopi- 
CUS. 

7. The transgenic plant of claim 5, wherein the genetic 
element comprises the bar gene of Streptomyces viridoch- 
romogenes. ; 

8. The transgenic plant of claim 2, wherein the genetic 
element comprises a B-lactamase gene. 

9. Progeny of the plant of claim 1 or 2. 

10. Cells obtained from the plant of claim 1 or 2. 

11. The transgenic maize plant of claim 1 or 2, wherein the 
DNA composition comprises plasmids. 

12. The transgenic maize plant of claim 1 or 2, wherein 
the DNA composition comprises a promoter and 3' region 
operatively linked to said exogenous gene. 

13. The transgenic maize plant of claim 12, wherein said 
promoter comprises a CaMV 35S , CaMV 198, nos, Adh, 
sucrose synthase, R-allele or root cell promoter. 

14, The transgenic maize plant of claim 1 or 2, wherein 
the recipient cells are cotransformed with more than one 
exogenous gene. 

15. The transgenic maize plant of claim 14, wherein at 
least two exogenous genes are positioned on the same DNA 
segment, and recipient cells are contacted with said segment. 

16. Seed obtained from the plant of claim 3. 
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